1 identify CDC42 as a protein that regulates the directionality of polarized protein transport within the Golgi apparatus.
The Golgi apparatus, which prepares proteins for shuttling to their final destination in the cell, is a mysterious organelle. More than 100 years have passed since its discovery, but there are still many controversies regarding the mechanism that underpins its function. One debate famous among cell biologists concerns how cargoes such as secretory proteins are transported across the polarized structure of the Golgi from cis to trans 2 -the anterograde direction. Various models have been put forward to explain this directionality, but several lines of evidence 3, 4 support 'cisternal maturation' . In this model, flattened, membranebound sacs called cisternae, which make up the Golgi, form on the cis side of the organelle and move towards the trans side as they mature, carrying proteins produced by the endoplasmic reticulum with them as they go.
However, this mechanism alone cannot explain complicated protein-sorting events in the Golgi; these mediate transport not only from cis to trans, but also in the opposite direction. Such retrograde transport involves vesicles coated in coat protein complex I (COPI) 3, 4 that shuttle between cisternae. But it is unclear whether these vesicles are involved in anterograde cargo transport. Tubular structures that connect cisternae have also been posited to be involved in intra-Golgi transport 3,4 ( Fig. 1 ). Previous work 5 by the group that undertook the current study revealed that the COPI coat regulates not only vesicle formation but also the formation of tubules in the Golgi -although how it does this is not known. Park et al. demonstrated that COPI binds to proteins being transported in both the trial and error. If we return to the analogy of a one-dimensional line as opposed to a sphere of possible strategies, only two directions have to be attempted for the line before the preferred direction is clear, whereas in a sphere six directions must be sampled. Given that the robot's behaviour space is 36-dimensional, it is clear that the 'flattening' of the space of options can have dramatic effects.
Could these intuitive trial-and-error strategies be used to discover more-general problem-solving methodologies, of the kind that require planning in uncertain environments? It is difficult to imagine that the method could easily be scaled up to such a level; this particular algorithm was handdesigned by the authors, whereas the 'algorithm' our brains use is the result of millions of years of Darwinian tinkering and pruning.
Given the failure of past efforts to design robots that display the quick, intuitive and situation-appropriate behaviour of even the smallest rodents, perhaps it is time to give up on the idea that we can design brains, and instead place our hopes in the power of adaptive and evolutionary algorithms. Indeed, the core algorithm that generates the map of possible high-performance behaviours in Cully and colleagues' study is inherently evolutionary, because good strategies are improved on by replication with variation, and selection.
We may never understand our brains in terms of information-processing concepts, but we do understand how to harness the power of evolution. We should therefore let evolution 
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Polarized transport in the Golgi apparatus
Proteins can be transported in either direction across a cellular organelle called the Golgi apparatus. It emerges that CDC42, a molecule that confers cell polarity, acts to control the directionality of transport in the Golgi. See Letter p.529 The Golgi apparatus, which contains a stack of membrane-bound sacs called cisternae, prepares proteins for shuttling around the cell. Proteins mainly move through the Golgi in the anterograde direction, from the cis to the trans side, travelling from their site of synthesis in the endoplasmic reticulum towards the cell membrane. However, proteins can also move in the opposite, retrograde, direction. Proteins can be transported across the Golgi in three ways: through 'cisternal maturation' , in which protein-containing cisternae move from cis to trans as they mature; in vesicles coated in coat protein complex I (COPI), which mediate retrograde transport; and in tubules, in which COPI binds to proteins to promote transport in either direction. Park et al. 1 report that the CDC42 protein competes with COPI for binding of retrograde, but not anterograde, cargoes in tubules, and so enhances anterograde and inhibits retrograde transport.
anterograde and retrograde directions, recognizing different structural signals on each type of cargo. Binding seems to be required for efficient transport of both types of cargo.
Small GTPase proteins act as molecular switches for a wide variety of cellular functions. One small GTPase, CDC42, was originally documented to control cell division in budding yeast, and has since been found to regulate cell polarity 6, 7 . The authors investigated the possibility that CDC42 regulates the selectivity of COPI binding, because it is already known to interact with COPI to modulate anterograde cargo transport in the Golgi 8 . They found that an activated mutant form of CDC42 accelerated anterograde transport in the Golgi, but repressed retrograde transport. By contrast, reducing levels of CDC42 activity inhibited anterograde, but enhanced retrograde, transport.
Next, the authors analysed the role of CDC42 in transport through the Golgi tubules specifically. Using a 'reconstitution system' designed to generate COPI-coated tubules 5 , Park et al. showed that the activated form of CDC42 reduced the level of retrograde transport by preventing COPI from binding to retrograde cargoes in tubules. However, the mutant protein had no effect on anterograde cargoes. The researchers demonstrated that CDC42 imparts sorting specificity to Golgi tubules in two ways: first, through two lysine amino-acid residues in its carboxy-terminal end that compete with retrograde, but not anterograde, cargoes for binding to COPI; and second, by promoting the formation of tubules at the expense of COPI-coated vesicles, thus reducing retrograde transport. Finally, an analysis of small GTPases, including RhoA, Rac1 and some Rab and Arf GTPases, revealed no others that could affect the directionality of intra-Golgi transport, demonstrating the specificity of CDC42.
If, as these results indicate, CDC42 does indeed modulate the sorting of anterograde and retrograde cargoes in the Golgi tubules, then this study takes an important step towards providing a fuller understanding of the exact mechanism that underpins intra-Golgi transport. CDC42 regulates cellular polarity through its intimate interaction with actin filaments, which help to maintain the structure of the cell 7 . The role of CDC42 in the Golgi tubules probably does not directly involve actin, and so how the protein regulates directionality in this setting is a question for the future. Other, as-yet-undefined factors must be acting with CDC42.
Whether the tubules containing anterograde cargoes do indeed connect Golgi cisternae in anterograde transport also remains to be definitively proved. The authors suggest that SRC tyrosine kinase, an enzyme frequently mutated in cancer, modulates CDC42, which leads them to hypothesize that there might be a relationship between intra-Golgi transport and tumour development. But, ultimately, the cue that switches on anterograde transport remains elusive.
CDC42 is evolutionarily conserved, being found in organisms from yeast to mammals. Plants also have many Rho-family GTPases. Whether these related proteins play similar parts to CDC42 in cargo binding, tubule formation and directionality in the Golgi would be of great interest to those working on the organelle. Trafficking pathways are thought to have undergone parallel evolution -have these proteins remained fundamental players? ■ 
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The origins of a climate oscillation
An index of water-circulation strength in the North Atlantic Ocean has been derived from sea-level measurements. This provides fresh evidence of the ocean's leading role in multidecadal climate variability. See Letter p.508
he Earth has warmed considerably during the twentieth and twenty-first centuries, most probably because of the effects of greenhouse gases emitted as a result of human activities. But strong natural variability on a wide range of timescales, from monthly to multidecadal, is super imposed on the long-term global-warming trend and also causes considerable spatial variation of that trend. We therefore need to understand this variability to discriminate anthropogenic effects from natural climate forcing. On page 508 of this issue, McCarthy et al. 1 report a method that enables the effects of ocean circulation on one of the most prominent examples of long-term climate variabilitythe Atlantic Multidecadal Oscillation (AMO) -to be identified from long-term sea-level data.
Natural climate variability can be generated internally by interactions within or between climate-system components such as the atmosphere, ocean and sea ice, and externally by factors such as volcanic eruptions. The AMO is an example of long-term climate variability associated with the ocean 2 . It represents quasiperiodic oscillations of sea-surface temperature (SST) in the North Atlantic Ocean that have a period of about 70 years. The AMO has been described from instrumental SST records 2 going back to the mid-nineteenth century and reconstructed from proxy data 3 for the past few centuries.
Climate models 2, 4 and analysis of surface heat fluxes 5 have suggested that the AMO is an internal mode of climate variability originating from changes in the circulation of the Atlantic Ocean, but its origin is still debated. Signals seen in SST may derive from changes in the ocean's interior that drive circulation changes 6 , or from the influence of factors outside the ocean 7 . Lack of data from the ocean's subsurface hinders attempts to quantify the relative contributions of internal and external processes to the AMO.
McCarthy and colleagues' method for identifying how ocean circulation affects the AMO is based on the hypothesis that ocean currents on relatively large scales of space and time (several tens of kilometres and several weeks) are broadly geostrophic -that is, the direction and strength of the currents depends on the balance between the Coriolis force associated with Earth's rotation and the horizontal pressure-gradient force in the ocean (Fig. 1) . Their approach builds on the proposal 8 that the difference in dynamic height (the sea level caused by variations in the ocean's depth-integrated density) between the centres of large, primarily wind-driven, ocean-circulation systems called gyres in the subtropical and subpolar North Atlantic provides a proxy for long-term
